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Executive Summary: Key Findings and Recommendations

The U.S. Environmental Protection Agency (EPA) conducted this field study in 2010 and
2011 to evaluate the challenges in sampling and analyzing coarse aerosol, the precision of
coarse PM (PM.) mass species measurements using dichotomous (dichot) samplers, and mass
balance of PM.. The study database is publicly available through the EPA Air Quality System
(AQS) to EPA personnel, atmospheric scientists, and others concerned with the science of PM
air pollution, related health effects, and human exposure to the coarse PM fraction of particulate
matter. Additional samplersd including paired PMio and PM.s Federal Reference Method (FRM)
samplers to calculate PMio.2.5 mass and species concentrations by the difference method, and
semi-continuous monitorsd were operated to further characterize coarse PM and aid in the
interpretation of any differences between dichot data and difference method data. The results of
this study may be used to establish routine field operating procedures and laboratory standard
operating procedures (SOPs) for use in PM. speciation monitoring.

ES-1. Primary Objectives

The primary objectives of the coarse PM pilot speciation study were to:

1. develop the target species analyte list for routine speciation monitoring (what species
need to be measured);

2. evaluate and define appropriate analysis methods for routine speciation monitoring and
the necessary SOPs;

3. evaluate the field performance of the dichot samplers for routine speciation monitoring
(e.g., comparing gravimetric mass and speciation to the FRM by difference data and
assessing dichot collocated precision);

4. learn about sampling and operational issues regarding the use of dichots; and

5. evaluate data from the study to inform several issues related to coarse PM speciation
measurements.

ES-2. Study Methods

The coarse PM pilot speciation study included one year of 1-in-3 day sampling at sites in
Phoenix (Arizona) and East St. Louis (lllinois), from June 2010 through May 2011. At each site,
two Thermo 2025D sequential dichot samplers, one Thermo 2025 sequential PMio FRM
sampler, one Thermo 2025 sequential PM2s FRM sampler, and one Thermo 1405-DF Filter
Dynamics Measurement Systems (FDMS) dichotomous Tapered Element Oscillating
Microbalance (TEOM) monitor were used to make routine measurements. Samples were
collected for laboratory analysis using Teflon®/nylon (T/N) and quartz/quartz (Q/Q) filter
sandwiches.

Analytical methods adopted from the PM.s Chemical Speciation Network (CSN) were
used to characterize fine and coarse particle speciation for about half of the sampling events.
The rest were archived for further study if needed. The analytical methods included gravimetric
mass, elements by x-ray fluorescence (XRF), ions by ion chromatography (IC) from the Teflon
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filter, and organic carbon (OC) and elemental carbon (EC) by thermal-optical analysis (TOA)
from the quartz filter. Subsets of samples were analyzed for elements by inductively coupled
plasma mass spectrometry (ICP-MS) and were analyzed for carbonate by TOA with sample
acidification. Dichot PM. and PMsne (PMr) concentrations were adjusted to correct for 10% PM;
intrusion into the PM. channel; results in this report incorporate this correction. Coarse PM was
thus measured directly both via the dichot (PM.) and via the difference between FRM PM;, and
PM2.s measurements (i.e., PMio.2s).

ES-3. Key Findings
The key study findings were as follows.

Sample completeness. The sample collection completeness objective of 80% was met
for three of the four 2025D sequential dichot samplers. Sample collection completeness
exceeded 90% for the two sequential dichot samplers at Phoenix and was 66% and 87% for the
two sequential dichot samplers in St. Louis. Valid samples were collected from both sequential
samplers on 92% of days at Phoenix, but only 52% of days in St. Louis. A major hardware
failure required one St. Louis dichot sampler to be returned to the manufacturer, leading to low
data completeness at that site. The most common field operations issues were filter exchange
errors and pump failures in the sequential samplers.

Dichot versus FRM by difference. PM. constituents measured on the Teflon filters
(gravimetric mass, elements, and ions) were biased low for the dichot method compared to the
FRM by difference method. In Phoenix, PM: mass from the dichot was, on average, about 20%
lower than the FRM difference method mass (dichot-on-FRM slope = 0.67-0.71, intercept =
2.2-2.7 ng/m? depending on the dichot sampler); in St. Louis, the dichot PM; mass was 10% to
25% lower (dichot-on-FRM slope = 0.83-0.96, intercept statistically indistinguishable from zero
[95% confidence level], depending on the dichot sampler). In contrast, PM. total carbon and
carbonate measured on the quartz filters showed no bias between the two methods, though the
relationship for total carbon exhibited more scatter. The bias for constituents measured on the
Teflon filters is attributed to particle losses from the dichot minor flow channel Teflon filter, which
contains all of the coarse particles and 10% of the fine particles. Losses may occur during the
automated filter exchange in the sequential dichot sampler, during handling, during shipping to
the analytical laboratory, or during any combination of these events. Coarse particles collected
on quartz filters are much less prone to losses because the particles are more deeply
embedded into the filter matrix. Dichot Federal Equivalent Method (FEM) samplers with a
modified shuttle mechanism and firmware to minimize particle loss due to filter exchange are
now available, but were not available from the manufacturer for this study. After the dichots
were modified to be FEM compliant, a follow-up study conducted at Research Triangle Park
(North Carolina) by RTI and EPA resulted in better agreement between the dichot PM.
gravimetric mass and the FRM by difference (PMio.25) gravimetric mass, with a dichot-on-FRM
regression slope of 1.05 and an intercept statistically indistinguishable from zero (95%
confidence level). Biases between the dichot method and the FRM by difference method
prevented an evaluation of the potential measurement bias from mixing of PM. and PM; species
components on the PMaofilter.

ES-2
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Dichot precision. Dichot collocated precision for PM. gravimetric mass and major soil
constituents (aluminum [Al], calcium [Ca], iron [Fe], silicon [Si], and titanium [Ti]) was in the 8%
to 15% range. In contrast, the collocated precision of organic carbon, which was about 15% of
the mass at both sites, was 19% in Phoenix and 34% in St. Louis. The OC data in St. Louis are
less precise in part from having lower concentrations. Dichot collocated precision for PMs
gravimetric mass was 10% in Phoeniimaocaustali st ent
s peci vd2% & St. Louis.

Acid gas denuders. Ambient nitric acid can adsorb onto filters and cause a positive
artifact for PM nitrate measurements. Sampling conducted in the summertime with collocated
samplers, with and without acid gas denuders, showed insignificant differences in PM; and PMc
nitrate. It appears the sampler inlets can efficiently remove nitric acid and suppress a nitrate
measurement bias.

Organic Carbon. OC mass loadings on the dichot PM. channel backup filters were
statistically indistinguishable from the trip blanks and field blanks OC mass loadings. This is
consistent with very little volatile OC in the PM¢ size fraction.

Carbonate fraction. Carbonate (CO3) was measured from the dichot PM. quartz filters
on 69 selected sampling events (43 in Phoenix, 26 in St. Louis). Carbonate was also measured
on the dichot PMf quartz filter for 15 of these sampling events. PM; carbonate was below the
3-sigma minimum detection limit (MDL) of 0.52 ugC/m? for all samples. However, PMc
carbonate was consistently detected with mean concentrations of approximately 1.2 pg/m? and
75" percentile concentrations of approximately 1.6 pg/m?® in both Phoenix and St. Louis. The
mean carbonate concentrations correspond to 6% and 12% of the PMc mass in Phoenix and St.
Louis, respectively. PM. carbonate was highly correlated with PM. calcium at both sites.
Assuming all carbonate is present as calcium carbonate, about half of the PM. calcium in
Phoenix and two-thirds of the PM. calcium in St. Louis can be explained as being calcium
carbonate.

Biomarker concentrations. Biomarkers (proteins, (1,3)-b-D-glucans, and endotoxin)
were measured from Teflon filters in the dichot coarse particle channel for 54 sampling events
(28 in Phoenix and 26 in St. Louis). These samples were collected from February through May
2011. In both Phoenix and St. Louis, median PM. glucan concentration was approximately
0.2 ng/m3, and protein concentration was about 0.08 ug/m?3. However, relatively high blank
corrections caused large uncertainties in the proteins data. PM¢ endotoxin concentrations were
suspect in Phoenix because of dramatic differences in concentrations between analysis
batches, although the batches correspond to adjacent but not overlapping time periods. Median
endotoxin concentration was 0.07 EU/m?® St. Louis.

Mass closure via dichot. Closure between the gravimetric mass and sum-of-species
mass was evaluated for the dichot Teflon filters. The analysis ignored OC artifacts and assumed
that EC and OC loadings on the quartz filters were representative of EC and OC loadings on the
Teflon filters (it is possible that carbonaceous particulate matter is also lost from the dichot PM.
channel filters as reported above for mass, elements, and ions). The analysis also assumed that
the equation commonly used to estimate PM; crustal mass concentration from the major crustal
elements (Al, Ca, Fe, Si, and Ti) is valid for estimating PM. crustal mass concentrations.

ES-3



EPA6s Coarse PM Pilot Study Executive Summary

Assuming an organic-matter-(OM)-to-OC ratio of 1.6, both PM; and PM; mass concentrations
reconstructed from the speciation data at Phoenix were, on average, about 13% higher than the
gravimetric mass. For the St. Louis data, the reconstructed mass was 6% lower for PM; and 1%
higher for PM. compared to the gravimetric mass. Additional analyses were performed using the
OM/OC ratio as an adjustable parameter to obtain best-fit mass balance closure. For PM;, the
best-fit OM/OC ratios were about 1.2 in Phoenix and 1.8 in St. Louis; these ratios are consistent
with estimates reported in the literature, e.g., Simon et al. (2011). For PMc, the best-fit OM/OC
ratio for St. Louis was about 1.5, but subject to large uncertainty; for Phoenix, the ratio was 0.6,
which is physically unrealistic (the ratio cannot be less than unity). This finding that the PM.
reconstructed mass is biased high, especially in Phoenix, suggests systematic errors in the
estimation methodology, such as improper multipliers for estimating crustal PM. from elemental
concentrations, or corrections for X-ray attenuation during XRF analysis of light elements (e.qg.,
Al, Si, Ca) that are too large. Two additional confounders are the assumption that EC and OC
are not lost from the Teflon filter (accounting for such losses may improve mass closure, though
it may lead to an overestimate of mass collected on the Teflon filter), and the exclusion of
carbonate from the reconstructed mass calculation (accounting for carbonate would increase
the reconstructed mass concentrations and thus lead to even larger overestimation of the
gravimetric mass).

XRF measurements. Corrections for X-ray attenuation during XRF analysis (self-
attenuation) were evaluated by analyzing Teflon filters from 18 sampling events (10 in Phoenix,
8 in St. Louis) using both XRF and ICP-MS. Dichot PM; and PM. channel filters were analyzed
for all 18 events, and PMio and PM2s FRM filters were analyzed for 10 of the events. For light
elements associated with crustal material (Al, Ca), the coarse particle concentrations by blank-
corrected ICP-MS were greater than the concentrations by XRF. This pattern does suggest that
the corrections for self-attenuation for these constituents are too large. However, quantitative
comparisons were confounded by large ICP-MS blank values for elements such as Al and Ca,
which are present in the membrane filter support ring, the adhesive, and the ink used to stamp
the filter ID number. Smaller corrections for self-attenuation will yield lower PM. concentrations
for these elements and a lower estimate for the crustal PM: mass concentration.

Dichot FDMS TEOM measurements. Hourly PM.s and PMig.25 concentrations from the
Thermo 1405-DF FDMS TEOM instruments revealed appreciable volatile PM»s mass, but
volatile PM1o.25 mass was too small to be reliably distinguished from measurement error. This is
consistent with expectations that ammonium nitrate and particle-phase semivolatile organic
compounds tend to be in the fine size fraction.

ES-4. Recommendations

The recommendations presented here are based on experiences from the one-year pilot
study with sampling in Phoenix and St. Louis. There are limitations when basing
recommendations on the operations and data for only two sites, and care should be taken to
adapt the recommendations as appropriate for other environmental settings.

Sequential dichot sampling is an attractive approach to particle collection for PMc
measurement. The dichot sampler segregates fine and coarse particles onto separate filters,
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thus minimizing the potential for measurement artifacts from the mixing of these particles. With
sequential sampling, the instrument can be programmed for multiple sampling events, reducing
the manpower burden for field operations. Care must be taken to maintain the setpoint fine and
coarse channel flowrates to achieve the design PM.s cutpoint and to appropriately correct the
coarse channel data for fine particle intrusion.

On the basis of this study, paired dichotomous samplers are recommended, with one
sampler collecting particles onto Teflon filters and the other sampler collecting particles onto
Q/Q filters (see note below). If high concentrations of coarse particle nitrate are expected, e.g.,
at sites where atmospheric processes have converted sea salt into sodium nitrate, a T/N filter
and Q/Q filter combination should also be used during the first year of operations, with analysis
of ions on the T and N filters to assess coarse particle nitrate concentrations. In environments
similar to St. Louis or Phoenix, a denuder does not appear to be necessary; in environments
where there may be significant nitric acid that could absorb onto the Teflon filter and be
guantified as aerosol nitrate, it may be useful to conduct a series of test days to determine
whether a denuder is needed as part of routine sampling. Specific recommendations and
caveats regarding field operations and chemical analyses are discussed below.

Post pilot study note: since the completion of this pilot study, EPA has determined that
backup quartz filters are not necessary for OC artifact correction; therefore, the
recommendation for a paired dichot with Q/Q filters is revised to recommend a paired dichot
with a Q filter only.

Sampling and Field Operations

At both sites, dichot PM. constituents measured on Teflon filters (gravimetric mass, XRF
elements, and ions) were biased low compared to PMao.25 data collected under the FRM by
difference method. In contrast, such bias was not observed for PM. constituents measured on
guartz filters in the dichot PM. channel (carbon). It is likely that coarse particles become
dislodged from the dichot PM. channel Teflon filter during the automated filter exchange, but it is
also possible that the particles are dislodged during shipping from the field sites to the analytical
laboratory or during filter handling. Although a shipping protocol recommended by the EP A6 s
Office of Research and Development (ORD) was used to minimize particle loss, this study did
not conclusively determine which mechanism was responsible (filter exchange or shipping) for
particle loss.

Hardware failures were more frequent than anticipated, especially in St. Louis, with the
most common problem being errors during the automated filter exchanges and pump failures,
together accounting for 8% of dichot sampling events being invalid. Although the Thermo 2025D
sequential dichotomous sampler has since been designated a FEM for PMc, the 2025D
samplers used for this study were not FEM-compliant. The aforementioned issues with particle
losses and field robustness of the sampler may be specific to the non-FEM version of the
2025D, and users should ensure they are using FEM-compliant samplers. Given that a
complete speciation sample requires valid data be collected by two independently operating
samplers, it may be necessary to maintain an inventory of backup hardware to minimize
sampler downtimes.
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Low-volume (16.7 liter per minute [LPM]) dichot samplers were used in this study.
Detectability and precision were deemed adequate for the constituents of primary interest.

Standard operating procedures (SOPs) for the analytical methods used were included in
the pilot studyd Quality Assurance Project Plan (QAPP). These SOPs are appropriate for use in
PM. speciation measurement except for the analysis of elements by XRF (where attenuation
correction factors would need to be revised) and ICP-MS (where a stronger digestion method is
required for the crustal species).

Sample Analyses

Based on experiences in Phoenix and St. Louis, the following baseline measurements
are recommended for PM. speciation.

1. Gravimetric mass concentrations using Teflon filters and following the PM2s CSN
method. Analysis must be performed on both the PM; and PM. channel filters. This study
used the filter handling and shipping protocols developed by the E P A ®RD and are
presumed to be adequate for mass and chemical speciation. However, these protocols
should be verified by conducting a specific study to assess potential filter handling and
shipping effects on PM. once a routine network is operational.

2. Elemental mass concentrations by XRF using Teflon filters and following the PM2s CSN
method. Analysis must be performed on both the PM; and PM. channel filters. At both
sites, coarse PM mass was dominated by crustal material, so it is important to quantify
the major crustal constituents. However, the corrections for self-attenuation applied to
XRF results for light elements such as Al, Ca, and Si in PM. appear to be too high.
Examination of PM; mass balance closure and comparisons of PM. constituents
measured by XRF and ICP-MS suggest that the corrections for self-attenuation are
necessary, but that the current corrections overestimate the actual concentrations.
Additional work is needed to establish corrections for use with PM. data. The best-fit
corrections determined in this study are subject to confounders that may bias the
estimates. Numerous factors that influence the corrections, such as the particle size
distribution, should be taken into consideration to generate robust corrections. The
comparison should be made using a larger data set, with samples collected at sites that
have high crustal loadings, and ideally including coarse PM from different sources, such
as desert dust and agricultural dust.

3. Elemental and organic carbon concentrations by TOA using quartz filters and following
the PM2s CSN method with the Interagency Monitoring of Protected Visual
Environments (IMPROVE) analysis protocol IMPROVE_A. Both the PMr and PM.
channel filters must be analyzed. The IMPROVE_A protocol is recommended because it
would be consistent with the PM2s CSN network. Also, the maximum temperature during
analysis by the IMPROVE_A protocol is below the decomposition temperature for
calcium carbonate. However, carbonate might decompose at lower temperatures
because of matrix interactions among particle constituents, and more work should be
done to evaluate whether carbonate, which was observed in PM. at both sites, interferes
with the measurement of EC and OC.
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4. Carbonate mass concentration by TOA with acidification and using quartz filters.
Carbonate was measured for a subset of the collected samples. PM¢ carbonate
concentrations were all below the 3-sigma minimum detection limit and did not contribute
to PMt mass. However, PM. carbonate concentrations were, on average, about 6% of
the PM. gravimetric mass at Phoenix and 12% of the PM. gravimetric mass at St. Louis.
PM carbonate is expected to be low at virtually all sites; therefore, the measurement
should be performed on the PM. channel filter only, because the correction for fine
particle carbonate will be negligible. While carbonate concentrations were similar at
Phoenix and St. Louis despite the dramatically different environments, it is possible that
PM. carbonate might be negligible at some sites and could be dropped from the analysis
plan for such sites after a period of sampling that demonstrates persistently low
carbonate concentrations.

In addition to the above baseline measurements, the following analyses are
recommended depending on site-specific conditions.

1. Anion species mass concentrations by water extraction and IC using Teflon and nylon
filters and following the PM2s CSN analysis method. PM. sulfate and nitrate
concentrations were persistently low at both Phoenix and St. Louis. XRF measurement
of total sulfur (S) includes sulfate, and for PM. speciation it is likely unnecessary to
discriminate the sulfate contribution to total sulfur. In contrast to Phoenix and St. Louis,
some locationsd particularly sites near coastlinesd may have significant concentrations
of PMc nitrate, which should be measured on the Teflon filter. PM. nitrate is expected to
be nonvolatile, and in the absence of fine particle ammonium nitrate, it is possible to
analyze only the Teflon filter. However, in some locations with PM¢ nitrate, there may be
considerable fine particle ammonium nitrated in such cases, it will be necessary to also
measure nitrate on a nylon filter placed immediately downstream of the PM; Teflon filter
to properly correct the PM. data for fine particle intrusion in the dichot PM. channel. In
locations where there is abundant nitric acid, a denuder may also be necessary to
ensure that nitric acid is not quantified as aerosol nitrate. As part of a site-specific
assessment of the abundance of coarse particle nitrate, collocated samplers with and
without a denuder should be run for a limited period to assess the need for a denuder as
part of t meopedidn® 6s rout i

2. Cation species mass concentrations by water extraction and IC using Teflon filters and
following the PM.s CSN analysis method. PM:. ammonium concentrations were very low
in Phoenix and St. Louis and are expected to be low at most locations. PM. sodium
concentrations were higher than PMr sodium concentrations and were present
predominantly as the monovalent cation (Na*). PM¢ potassium concentrations were
similar to PM; potassium concentrations, and were present predominantly in forms other
than the monovalent cation (K*). The limited utility from measuring PM: ammonium, ionic
sodium, and ionic potassium does not justify the additional cost for routine operations at
most sites.
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The following analyses may be considered for special cases, but are not warranted as

routine measurements for PM. speciation.

)l

Scanning electron microscopy (SEM) can provide substantial insights into particle
sources by classifying particle shape and/or composition. However, Teflon and quartz
filters cannot be used for quantitative analysis by SEM. An additional sampler would be
needed to collect particles onto a suitable substrate, such as polycarbonate membrane
filters. The extra sampling requirement and analytical costs relegate SEM to special
studies rather than routine measurements.

Biological materiald both intact and fragmentedd can be a significant contributor to PMc.
Biomarker concentrations for glucans (an indicator for spores) and proteins can provide
insights into spatial and temporal patterns, but to be most valuable to PM. speciation,
multipliers are needed to convert the biomarker concentrations to mass concentrations
of the corresponding biologic material (i.e., mass biologic material per mass of
biomarker). This issue and the extra analytical costs relegate biomarkers to special
studies rather than routine measurements.

For many elements, ICP-MS provides better sensitivity than XRF. However, this study
demonstrates that detectability and precision using XRF are adequate for the primary
elements of interest. ICP-MS may be attractive for special cases where higher-quality
trace elements data are desired or to confirm that appropriate corrections for self-
attenuation are being used for XRF analysis. EP A6 s ¢ u s ICEP-M$ SCP Mould
need to be optimized for the specific elements targeted for ICP-MS analysis of PMc
elements. For example, the ICP-MS analyses conducted for this project required the use
of microwave and mixed acid (nitric, hydrochloric, and hydrofluoric) digestion process
because crustal elements were the primary target of the analysis.
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1. Introduction

In 1997, the U.S. Environmental Protection Agency (EPA) promulgated revisions to the
National Ambient Air Quality Standards (NAAQS) for particulate matter (PM) and added a
standard for fine particulate matter (PMzs). In 2006, the EPA issued a final monitoring rule for
thoracic coarse particles. Coarse particles have aerodynamic diameters between 2.5 um and
10 um; here coarse PM is referred to as PM, if measured from dichot samplers, or termed
PMao-25if from FRM by difference method. The promulgated monitoring requirements specified
the placement of coarse PM speciation samplers at National Core (NCore) monitoring sites. In
2013, the requirement for coarse PM speciation at NCore was revoked because of technical
issues related to the development of appropriate monitoring methods. Sample collection
procedures and analysis methods for coarse PM speciation measurements were explored as
part of the small-scale pilot monitoring study presented here.

In 2009, the Clean Air Scientific Advisory Committee (CASAC) Ambient Air Monitoring
and Methods (AAMM) Subcommittee provided input on sampling and analysis issues for coarse
PM speciation. For coarse PM speciation, the CASAC AAMM strongly recommended the use of
dichotomous samplers (dichots), where coarse particles are directly sampled, rather than
Federal Reference Method (FRM) samplers, where coarse PM is derived from a difference of
PMio and PM2s measurements, i.e., PMig.25.

To address concerns of the EPA and CASAC AAMM, a small-scale pilot monitoring
study was deployed, the results of which are presented in this report. This pilot study is
important from several perspectives.

One reason why this study is important is the need to assess whether chemical and
physical characterization of coarse PM differ when the values are determined using the PMsg
minus PM.s method (termed PMso.2 5 in this report) as compared with characterization of the
PMc fraction derived from the dichotomous sampler. Dichots directly sample the coarse
particles, with 10% of the fine particles drawn through the inlet also present in the sample
stream. Therewasc oncer n t hat PMniiactian with éhe RV s fractioa on a filter
from the PM1o sampler (in the difference method) could lead to changes in aerosol composition
that are different from the changes that occur on the coarse particle filter in the dichot (which
contains only 10% of the PM2s mass).

A second important reason for conducting the pilot study was to assess the robustness
of commercial samplers and the training and skills required of the field operator and supporting
laboratory to produce quality data with a high percentage of data capture.

A third reason for the pilot study was to compile a database of coarse PM chemical and
physical information, supplemented by information from measurements not normally made in
the PM2s Chemical Speciation Network (CSN) (e.g., protein content, metals determination by
inductively coupled plasma mass spectrometry [ICP-MS], organics speciation by gas
chromatographyi mass spectrometry [GC-MS]) and by information derived from collocated
instruments, including a dichotomous tapered element oscillating microbalance (TEOM) monitor
for hourly PM1o.25 and PM_ s volatile and nonvolatile mass measurements.
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1.1 Study Objectives

The primary pilot study objectives were to develop the target species analyte list for
routine speciation monitoring (what species need to be measured); evaluate and define analysis
methods and the necessary SOPs; evaluate the appropriateness of using a dichot sampler;
learn about sampling and operational issues regarding the use of dichots; and evaluate data
from the study to inform other issues (e.g., closure between gravimetric mass and sum-of-
species mass). The coarse PM measurement system includes media preparation, media
shipping, sample handling, routine sampling operations, and laboratory analyses. A list of
species and appropriate measurements needed to reasonably characterize PM. using the low-
volume dichot measurement system is recommended.

The main objectives of the study were as follows:

1 Objective 1. Develop the target species analyte list for routine speciation
monitoring. This objective was addressed by starting with the speciate analyte list for
the PM..5s Chemical Speciation Network and supplementing with additional
measurements such as PM. carbonate.

1 Objective 2: Evaluate and define analysis methods for routine speciation
monitoring and the necessary SOPs. Again, the PM.s Chemical Speciation Network
was used as a starting point with supplemental measurements added to evaluate the
conventional methods.

1 Objective 3: Evaluate the field performance of the dichot samplers for routine
speciation monitoring. To meet project objectives, the PM. dichot and associated
comparison samplers and monitors were operated for one year to provide sufficient
comparison data over a range of atmospheric and seasonal conditions. This information
was needed for the major components of the PM. aerosol, including elements, ions, and
carbon. The needed information was obtained from collocated measurements, trip
blanks, and field blanks. Primary and collocated dichot samplers were used to collect
eight collocated samples of each substrate type per sampling season (with three
sampling seasons per year). In order to accomplish this objective, both dichots were run
with a Teflon/nylon filter pair for eight events per season, and with quartz filters for eight
events per season. Both trip and field blank filters were collected, and four times each
season, field blanks were collected that mimicked a sampling event (but with no air
pulled through the sampler).

1 Objective 4: Learn about sampling and operational issues regarding the use of
dichots. Again, the PM. dichot and associated comparison samplers and monitors were
operated for one year to provide information on sampling and operational issues.

1 Objective 5: Evaluate data from the study to inform several issues related to
coarse PM speciation measurements. Data analyses were conducted to inform
sampling measurement performance including precision, comparability, and
representativeness. Mass balance closure was examined to identify potential issues in
the speciation measurements.
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1.2 Study Design

For this pilot study, two monitoring sites were chosen representing different
environmental concentrations and aerosol mixes to operate for nominally one year (May 2010 to
May 2011). The pilot study included sites in Phoenix, Arizona (abbreviated as PHX in tables and
figures), and East St. Louis, Illinois (abbreviated as STL in tables and figures).

At both sites coarse PM was likely to be dominated by crustal elements, but as Phoenix
is in the arid Southwest, concentrations were likely to be higher there. Primarily, two methods
were used to collect coarse PM samples for analysis:

1 dichotomous samplers to directly measure PMine (PMr) and PM,, and
1 paired PMi and PM2s FRM samplers to determine PMso.25 (difference method).

All samples were collected for 24 hours from midnight to midnight local time. Laboratory
analysis methods consistent with PM..s CSN processes (i.e., gravimetric mass, ions by ion
chromatography [IC], elements by XRF, carbon by thermal-optical analysis) were used to
analyze about 50% of the filter samples. The remaining samples were archived for future
analyses.

Sampling commenced in May 2010, with four weeks of nearly daily sampling to refine
the field operations and provide a data set for preliminary evaluation of certain sampling
configurations (e.g., whether the presence of a denuder affected the PM: mass measurements).
Sampling was conducted on a one-in-three day schedule from June 1, 2010, through May 31,
2011, using various sampling configurations to address the technical objectives of the project.
For details, see the PM1o.25 Speciation Pilot Monitoring Quality Assurance Project Plan
(abbreviated as QAPP and approved in 2010). Additional sampling was conducted periodically
during the study to provide samples for biological content analyses. Under contract EP-D-08-
047, RTI International personnel and subcontractors who regularly serve the EPA/Office of Air
Quiality Planning and Standards (OAQPS) PM.s CSN provided support for integrated sampler
installation and operation, necessary training, initial equipment audits and flow checks. Filter
preparation and laboratory sample processing and analyses were provided under contract EP-
D-09-010. Under EPA contract EP-D-09-097, Sonoma Technology, Inc. (STI) personnel and Dr.
Jay Turner (Washington University, St. Louis) analyzed the data.

The Phoenix site (Figure 1-1) is at 43 Avenue and Broadway Road in Phoenix, Arizona
(AQS ID 04-013-4009). The Maricopa County Air Quality Department in Phoenix managed the
day-to-day operations.

The East St. Louis, lllinois, coarse PM speciation pilot site (Figure 1-2) is the PM
Supersite location used previously for PM research (AQS ID 17-163-9010). The St. Louis-
Midwest Supersite is located at 13" Street and Tudor Avenue in East St. Louis, lllinois, which is
about 3 km east of the City of St. Louis, Missouri, central business district. The Air Quality
Laboratory at Washington University in St. Louis managed the day-to-day operations. The
physical footprint managed by Washington University is immediately adjacent to the East St.
Louis compliance monitoring site operated by the lllinois EPA (AQS ID 17-163-0010).
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Figure 1-1. Site maps for W 43 Ave, Phoenix monitoring site. Concentric circles in the
bottom map are 500 m and 1,000 m radii from the site.

1-4



EPA6s Coarse PM Pilot Study Introduction

— s Kilometers

Figure 1-2. Site maps for 13t and Tudor, East St. Louis monitoring site. Concentric
circles in the bottom map are 500 m and 1,000 m radii from the site.
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1.3 Technical Approach

Each dichot had two channels, one for coarse PM and one for fine PM. To collect data
for the calculation of mass balance, at a minimum, a Teflon filter (for ions and elements) and a
quartz fiber filter (for carbon) had to be collected for each size fraction; this means data from two
collocated dichots were needed to achieve mass balance on any given day. To understand
collocated dichot precision, two dichots were run with the same filter media, i.e., either Teflon or
quartz fiber. In addition, the sampling schedule was harmonious with the field work already
occurring on site, which was typically one-in-three day sampling. Filter blanks were also
collected at a regular interval.

To best achieve these goals, a six-day cycle was implemented that alternated between
collocated, mass balance, and field blank collection days for a four-month period, as shown in
Figure 1-3. This cycle was repeated twice more to complete a year of sampling. This sampling
approach resulted in filters for mass balance every sixth day, while the other every-sixth-day
pattern resulted in a series of collocated filters or field blanks. In addition, PM.s and PMig FRM
samples were also collected on Teflon filters in parallel with the dichot measurements. Thus, at
each site there were two dichots plus collocated PM.s and PMio FRM samplers. In addition, a
Thermo 1405-DF Filter Dynamics Measurement Systems (FDMS) dichotomous TEOM i which
is a Federal Equivalent Method (FEM) for PM.s but not PMio.25 T was operated to obtain hourly
PM2s and PM1o-25 data.

Figure 1-3. Four-month sampling schedule for collocated dichots. In Column 1, green
indicates a fAmass b &) faterscaadinylah &\y baekuptfilters dneohel o n
dichot and quartz fiber (Q) filters on the other dichot. Field blanks were collected four

times in this cycle, as indicated by blue in Column 4. Gold indicates the days when

collocated Teflon/nylon filters were collected, and yellow indicates the days when

collocated quartz fiber filters were collected.
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